
the A&E departments, shut the hospi-
tals, close the operating theatres due to a
lack of beds, and break every target in
every acute hospital service. Ironically, it
will continue its lonely position as the
“Cinderella” of medicine.
Thorax 2002;57:753–754
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There is no doubt that gene expres-
sion studies based on evaluating
mRNA levels for single or multiple

genes of interest in human lung biopsy
tissue have had a major impact on our
understanding of the molecular mecha-
nisms underlying respiratory disease.
The recent advent of microarray technol-
ogy has added further impetus to the
central paradigm that mRNA quantifica-
tion in lung tissue can shed light on
pathogenesis and identify new targets
for therapeutic intervention. This tech-
nology is now so advanced that it allows
the parallel monitoring of entire ge-
nomes using microarrays with a surface
area equivalent to just a few square cen-
timetres and as little as 5 µg RNA
starting material.

Since its first application in the mid
1990s,1 microarray technology has been
applied to all aspects of biomedical
research with over 60 papers in respira-
tory research alone. It has been success-
fully used for the classification and
molecular diagnosis of lung cancer,2 the
identification of potential target genes
for therapeutic intervention in idiopathic

pulmonary fibrosis,3 mechanistic studies
in animal models of asthma4 and pulmo-
nary fibrosis,5 and for profiling lung
development.6 Global expression profil-
ing of cellular responses in vitro has pro-
vided new insights into the transcrip-
tional programs involved in cytokine
signalling,7 growth arrest and
apoptosis,8 and it is already enabling us
to understand the operation of func-
tional gene networks.

MICROARRAY PLATFORMS
Although a number of microarray plat-
forms have been developed, microarrays
come in two basic formats. Complemen-
tary DNA (cDNA) arrays usually contain
polymerase chain reaction (PCR) prod-
ucts generated from cDNA libraries or
clone collections, spotted onto glass
slides or nylon membranes. Expression
values are based on the competitive
hybridisation of two samples being di-
rectly compared following the incorpora-
tion of two fluorescent dyes (Cy3 and
Cy5) on a single array. In contrast, oligo-
nucleotide arrays (for example, Affyme-
trix GeneChips) contain relatively short

sequences (20-mers) synthesised onto
silicon wafers in situ by photolithogra-
phy or arrayed as pre-synthesised oligo-
nucleotides onto glass slides. The final
target consists of biotin labelled cRNA
and each sample is hybridised to a sepa-
rate array. Hybridisation is detected by
staining with a streptavidin-
phyocoerythrin conjugate followed by
confocal fluorescence laser scanning. The
advantage of oligonucleotide arrays is
that they contain multiple validated
probe sequences for each gene and
mismatch control sequences to allow
correction of non-specific hybridisation
signals. In contrast, cDNA arrays usually
consist of user defined probe sequences
but allow a much greater degree of flex-
ibility and are generally cheaper as slide
printing can be performed in house.

EXTRACTING BIOLOGICAL
MEANING
Managing and mining the huge amount
of data generated by microarray experi-
ments remains a major challenge for
most users. Although this side of micro-
array analysis is still considered a major
bottleneck, help is at hand via a plethora
of online data mining, clustering, and
analysis tools. In fact, most of the best
tools are available to academic users as
freeware upon request. A detailed de-
scription of these tools is beyond the
scope of this editorial. However, Gene
Express (http://www.thoracic.org/
geneexpress/), a new column edited by
Naftali Kaminski and hosted by the ATS
website, is a valuable resource aimed
specifically at lung researchers and an
excellent route to other sites of interest.

Despite its growing use in both
academia and industry, microarray ex-
periments are still considered by many
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Microarray technology offers us the means of monitoring gene
expression on a scale which was hard to envisage only a few
years ago.
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as nothing more than a sophisticated
fishing trip. This is because microarray
analysis challenges the traditional hy-
pothesis driven method of investigation
and shifts the emphasis towards hypoth-
esis generation. Investigators are then
faced with what is probably the greatest
challenge—namely, the extraction of
biological meaning from microarray data
and the prioritisation of candidate genes
for follow up. Faced with hundreds of
possibilities, it is not surprising that
investigators have, in the past, tended to
focus on genes they recognise and can
integrate into a reasonable hypothesis
regarding their likely role in the disease
process. Fortunately, the need to address
these limitations of microarray analysis
is fuelling the rapid development of
novel computational tools. This includes
unbiased scoring methods for identify-
ing the most meaningful and informa-
tive genes in microarray experiments.
One such tool has recently been applied
to great effect to funnel and prioritise
candidate genes for follow up in expres-
sion studies of human lung biopsy mate-
rial from patients with pulmonary
fibrosis.3 Used in combination with com-
putational tools which allow the visuali-
sation of gene expression data on maps
representing biological pathways (for
example, GenMAPP at http://gladstone-
genome.ucsf.edu/) and programs based
on artificial neural networks which can
be trained to recognise signature expres-
sion profiles,9 these tools are likely to
significantly accelerate our understand-
ing of the molecular basis of disease.

VALIDATION OF MICROARRAY
DATA
Although microarray technology is im-
proving rapidly and confidence in the
data generated is growing, validation of
microarray expression trends using a
second readout remains a critical re-
quirement. This is especially important if
the sample size is too small to allow rig-
orous statistical analysis. For this pur-
pose, the real time fluorescence based
reverse transcriptase polymerase chain
reaction (RT-PCR) is generally the
method of choice. However, in this issue
of Thorax, Glare et al10 revisit one of the
most stubborn problems associated with
all RT-PCR based methods—namely, the
choice of a reference gene with which to
normalise signals obtained to allow the
legitimate comparison between samples
and eliminate differences of non-
biological origin. One of the most com-
monly used methods is to normalise
against a housekeeping gene because its
mRNA levels are thought to remain con-
stant. Using competitive RT-PCR, Glare et
al provide compelling evidence that
mRNA levels of two of the most com-
monly used housekeeping genes in asth-
matic airways—glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and

β-actin—are, in fact, highly variable and
therefore totally unsuitable for normalis-
ing the expression levels of potential
genes of interest. This study is a welcome
addition to a growing body of evidence
that mRNA levels of a number of
traditional housekeeping genes are not
invariable under a variety of experimen-
tal and pathological conditions.11 The
evidence is now so strong for samples
obtained in vivo that their use should
either be discontinued or can only be
viewed as valid when appropriate experi-
ments have been performed to confirm
that their expression is indeed constant
under the experimental conditions of the
study.

So what are the alternatives for
normalising gene expression data? There
are no ideal solutions but, for conven-
tional gene expression studies, the use of
total cellular RNA has been proposed as
one of the least unreliable methods for
data normalisation.12 Although the use
of total RNA levels for normalising
expression data derived from patient
material still has to be fully validated,
recent technical advances for RNA
quantitation—including the RiboGreen
RNA quantification assay and the Agi-
lent Bioanalyzer which allows RNA
quantity and quality assessment in a
single step—are likely to prove very use-
ful for studies of human biopsy material
with very low RNA yields. Another alter-
native is to use ribosomal RNA (rRNA)
which makes up the bulk of total RNA.
Despite reservations regarding changes
in expression levels and potential imbal-
ances in rRNA and mRNA fractions
between different samples, 18S rRNA
has recently been validated for normalis-
ing expression levels by quantitative
RT-PCR analysis under a number of
experimental conditions and is demon-
strably more reliable than normalising to
housekeeping genes.11 13 While consider-
ing the issue of normalisation, it is also
worth pointing out that, regardless of the
platform used, uncertainties relating to
the use of housekeeping genes for signal
normalisation are also relevant to micro-
array experiments. For oligonucleotide
based arrays, the most commonly used
approach is to scale or normalise the
output data using a transcriptome equiv-
alent strategy (or global normalisation)
in order to derive an average intensity for
each array with the assumption that the
total sum of all transcripts present is
similar between samples.

Finally, it is also worth remembering
that gene expression studies measure
mRNA levels and no more. Since most
genes are also highly regulated at the
post-transcriptional stage, changes in
mRNA levels may not necessarily reflect
changes at the protein level. In addition,
interpreting expression studies in dis-
ease versus control tissue is often con-
founded by the very dramatic differences

in cell populations present within the
two types of tissue. Genes which appear
to be highly differentially expressed may
therefore reflect changes in the cellular
composition of the tissue rather than
changes in gene expression per se. Addi-
tional analysis by conventional immuno-
histochemistry and/or in situ hybridisa-
tion therefore becomes essential when
analysing whole biopsy tissue. Similarly,
important changes in gene expression
may be masked because of dilution of
the message. This may be particularly
problematic when dealing with biopsy
tissue where the disease is confined to a
small number of cells within the sample.
Recent advances in RNA amplification
technology14 and laser capture microdis-
section (LCM) to sample individual cell
populations within a biopsy sample are
proving particularly useful for address-
ing these potential problems.2

In conclusion, we now have the means
of monitoring gene expression on a scale
which was hard to envisage only 5 years
ago. The integration of this technology
with rapidly evolving innovations in
novel computational tools, public do-
main data repositories, in combination
with the appropriate post-microarray
validation experiments is likely to have a
major impact on our understanding of
complex human disease processes in the
future.
Thorax 2002;57:754–756
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In 1997 the median life expectancy for
individuals with cystic fibrosis (CF)
was 31.5 years in the UK1 and it has

been suggested that those born today
can expect to live well into their mid
40s.2 However, there is huge variability in
the physical condition of adults with CF.
While malabsorption, osteoporosis,
diabetes, and liver failure all contribute
to incapacity, lung disease is the main
cause of morbidity and mortality. Some
patients have near normal levels of lung
function. Others, however, are debili-
tated by dyspnoea and dependent on
oxygen.

Lung disease in CF is primarily due to
the consequences of infection. In the
first decade of life Staphylococcus aureus
and Haemophilus influenzae are the pre-
dominant organisms in sputum, while in
older children and adults Pseudomonas
aeruginosa is most common.3 In the past
15 years some CF centres have had
epidemics of Burkholderia cepacia infec-
tion. Although patients respond to
standard antibiotic treatment,4 most be-
come chronically infected and experi-
ence a more rapid decline in lung
function. The reasons for this are still
unclear, although recent microbiological
findings suggest that there are different
pathogenic potentials of various B cepacia
genomovars.5 In the UK prevalence rates
vary between centres but increase sig-
nificantly if spread from patient to
patient is not prevented. In this respect,
B cepacia differs from other bacteria in
that it is usually caught through close or

frequent contact with another B cepacia
positive CF patient.5 6

In most UK adult CF centres it is now
accepted practice to separate patients who
are infected with B cepacia from those who
are not. Guidelines on cross infection
effectively mean managing infected pa-
tients in isolation, away from the main CF
wards, but even this may not be sufficient
to prevent the spread of the organism.
Contemporary advice to patients extends
segregation to outside hospitals—
directing them not to attend CF meetings,
not to have any physical contact with B
cepacia negative CF patients, and to adopt
impeccable hygienic behaviour.7 Although
difficult, where this has been done fewer
patients with CF become infected with B
cepacia for the first time8 and some
clinicians now report a decrease in the
overall number of cases. However, as a
result of the emergence of cross infection
in CF patients by a multiresistant strain of
P aeruginosa, some clinicians now advocate
segregating patients according to their
microbiological status.9 10 Others have
questioned the wisdom of adopting such
practice, highlighting—in addition to
clinical reasons—the potential emotional
impact on patients and their families.11

PSYCHOLOGICAL
CONSEQUENCES OF
SEGREGATION
While it is known that adults with
chronic illness are at a greater risk of
developing psychological problems,12

prevalence rates of such difficulties in

adult CF populations are still largely
unknown. What is known is that indi-
viduals at the end stages of the condition
are even more vulnerable to psychologi-
cal problems resulting from increasing
“loss” of, for example, mobility, au-
tonomy, relationships, and quality of life.
Furthermore, the disease becomes more
“visible” and intrusive and less predict-
able, which can give rise to feelings of
anhedonia, helplessness, fear, and
anxiety.13 With this in mind, while much
has been published on the physical ben-
efits of segregating patients with CF,
almost no information exists on the
psychosocial consequences of such prac-
tices.

It is well recognised that being “hospi-
talised” has a negative effect on psycho-
logical functioning.14–17 Isolation in hos-
pital has the potential to have even
greater negative effects on emotional
well being. One study reported that over
42% of patients identified negative emo-
tions associated with isolation.18 Such
patients have significantly higher rates
of anxiety and depression and signifi-
cantly lower levels of self-esteem and
control.19 Evidence from other patient
groups who have experienced segregated
and isolating medical treatments (such
as those with cancer, leprosy or HIV
positive patients) suggests that the
experience is confining, depressing, bor-
ing and lonely, leading to feelings of
clinical depression, despair and
abandonment.20 Indeed, loneliness, mo-
notony and stigmatisation have been
reported as frequently as potential posi-
tive aspects of segregation such as
having time for reflection, which some
patients find very therapeutic.21 In adult
men diagnosed as HIV positive, social
isolation is thought to be compounded
by ruptures in relationships and the
breakdown of social support networks.22

In addition, while there may be a high
desire among patients to receive infor-
mation and reassurance, being segre-
gated appears to inhibit communica-
tion.18 23 Colonisation with B cepacia has
resulted in exclusion from CF confer-
ences and support groups, leading to the
loss of mutual support systems typically
available to adults with CF24 and, conse-
quently, to further increases in feelings
of isolation, anger, and of being a
“microbial leper”.25
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Patients with CF segregated because of Burkholderia cepacia
infection must be helped to assemble coherent structures for
social relationships if they are to adapt successfully to such
management.
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